g Uiber - cotv i -— |
JLA-UR-81-621

TITLE: IMPROVED DIFFUSLON

sy,

AUTHOR(S):  Gary D. Doalea X-7 MS:220

SUBMITTED TO: Conference Proceedings

llut Dense MatL r, Monterey, CA, Nov. 1980

"NSCLAMER

By acceptance ¢f thu grucle, the publisier recogmwzes that the
US Gavernmant retains 8 nonexclusive, royally-fren icense
10 pubhish or reproduce the pub'sied form of this Lontnbu-
non, or 1o sllow others tn dn ¢r,, for U.S Go: erament pur-

poses .

The Los Alamos Screnutic Laboratory requests that the pub-
tishar wanti'y this articie g work performed unider the Jus-
pices of the US Departinent of Energy

“:\_:’;L LOS ALAMOS SCIENTIFIC LABCRATORY

Post Office Box 1663 Los Alamos, Ne v Mexico 87545
An Affirmative Action.’Equal Opportunity Employer

9
=
b
o

=

®

o

L]
o
>

=
2
b
)

2
c
-

l"')

Enrm No 838 R] UNITAD BTATES
ci: No. 9 DEPARTMENT OF ENKRQY

v alru - = - [P

PR UL B TTPC O B T T N SR


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


IMPROVED DIFFUSION

by

Gary D. Doolen

ABSTRACT

Plasma etfects are shown to decrease
both the magnitude of the transverse photon
energy density and the rate of diffusion of
this energy.

This paper is a partial summary of a talk
presented at the Conference on
Hot Dense Matter
Monterey, California, November, 1980



I. TINTRODUCTION

Although diffusion codes have been in use for a long time,
most of them ignore plasma eftects which can significantly reduce
the rate of energy trarsport in the transverse photon field.
This reduction is important when hwg/kt > .1, where w, is the
plasma radius frequency, k is Boltzmann's constant, T is the
absolute temperature and 2mh is Planck's constant. Since

2
wé = ﬂl%i_, (where N is the free electron density, e is the

electron charge and m is the electron mass), the reduction is
important for high densities and/or low temperatures. Unlass
these plasma effects are included, even exact frequency dependent
opacities cannot produce correct diffusion results.

In order to demonstrate the importance of plasma effects, a
simple approximation to the index of refraction is assumed.
Modifications in energy density, group velocity, and Rosseland
means are noted. A few comments concerning a more accurate index

of refraction are made at the end of this note,

II. MODIFICATION OF ENERGY DENSTTY
The energy density in a blackbody radiation finld in a

material with index of refraction, n, is:
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where ¢ is the speed of light in a vacuum. An cxact expression

for n at high densities has yel to be derived. A reasonable

expression for n involves an integral over the oscillator

strengths of the material of interest. Four the purposes of this
hl )

') 1 1 . . ¥
nota, n” ocan e approximatoed by L o= w5, w0, I this

approximation, (1) becomen
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The only differences between (2) anda the blackbody radiation
energy density in a vacuum are the factors involving the square
root and the absence of frequencies below w, in the plasma.

Eq. 2 is plotted in Fig. 1 with and without this square root
factor. In a material with n = (1 = moz/mz)l/z, waves with w

< wy are evanescent and do not propagate; waves with w > wg

have a decreased energy density. The area between the two curves
in Fig. 1 represents the difference in energy density between a
vacuum and a plasma. For Fig. l, it was assumed that

fiwg/kt=2. In Fig. 2, the frequency-integrated difference is
plotted as a function of fwgy/kt. This figure demonstrates tnat
the equilibrium cnergy density in a plasma should no*x be assumed
to be the same as the equilibrium energy density in a vacuum. Tn
diffusion, the enerjy transported is proportional to the cnerqgy
difference between two zones. It this energy difference is
calculated for a vacuum instead of a plasma, the result can he
incorrect by an order of marnitude.

The improved enerqgy density (2) can be separvated into a part
associated with the electric field, a part associated with the
magnetic ftield, and a part associat=d with the electron Kinetic
energy.(z) This separation is especially intevesting to those
who like ko Keep track of electron energy. This electron enervdyy
associated with transverse olectromaqgnetic waves should be added
to the clectron enerqgy which is usually included in an equation
of state,

1110, MODIFTCATION oF THE PHOTON GROUP VELOCITY
The qroup velocity is Jdefined as v, o= dw, dk. The
dispeorsion ralation tovr transvovrse electromaqnotic waves in a

plasma ias



w? = woz + k2c2, (3)

dence the electromagnetic waves have a group velocity of

c(l - woz/wz)l/z. (4)

This requires that the waves travel slower through a plasma than
they would through a vacuum.

IV. MODIFICATION OF THE ROSSELAND MEAN

The above ideas can be incorporated into a calculation of
modified Rosseland means in such a way that they can be used by
diffusion codes to obtain better results. The procedure to do
this using n? =1 - woz/cu2 appears to have been proposed first
by Aharony and O ner’'. Their ratio of modified to unmodified

Rosseland means is

re mkexp(hm/kt)dw
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All of the effects mentionnd above arn included: modified

energy density, modified group velocity and shift of the lower

bound 2f inteqration., However, all of the above assumes an
1 - - ¥ )
appraxinate form of tre index of refraction; namely, n° =1 -
A A
’I,l-_). / 'I)'- .



To calculate correctly energy densities, group velocities
and Rosseland means, the frequency-dependent index of refraction
or dielectric constant must be calculated from first principles.
This calculation has not been completely formulated, although
various approximations have been proposed.“ Certainly the index
of refraction will depend on the atomic composition of the
material and the material temperature as well as the material
density. Hence, a general, material independent formulation is
not possible. Detailed calculations are required for each
material. It is hoped that consistent procedures can be
developed soon so that plasma effects on transport properties can
be accurately modcled.
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FIGURE 2
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